Objective. To highlight the magnitude and distribution of thyroid cancer at the largest cancer center in Tanzania and to correlate patient region of residence with regions of dietary iodine adequacy and deficiency in the country.
T hyroid cancer is the leading cause of endocrine malignancy worldwide. 1 In spite of increasing incidence over the years, mortality has remained stable. 2 Histologically, the 2 most frequent subtypes of thyroid cancer are papillary thyroid cancer (PTC) and follicular thyroid cancer (FTC), 1, 3 both derived from follicular epithelial cells and collectively referred to as differentiated thyroid cancer. 4 The etiology for the majority of differentiated thyroid cancers is unknown, but childhood radiation exposure 2, 5 and dietary iodine deficiency have been implicated as risk factors. 6 Hurthle cell carcinoma, FTC, and anaplastic thyroid cancers have been associated with dietary iodine deficiency. 6, 7 Studies have reported that FTC may be particularly associated with long-standing dietary iodine deficiency on the African continent. 8 Because of long decades of dietary iodine deficiency in Tanzania, an iodination campaign was initiated in the late 1990s. [7] [8] [9] A survey in Tanzania to establish the magnitude of dietary iodine deficiency revealed that approximately 50% of the population had endemic goiter secondary to long-term dietary iodine deficiency. 10, 11 This study aims to highlight the magnitude and distribution of thyroid cancer in regions with long-standing dietary iodine deficiency among patients treated at the Ocean Road Cancer Institute (ORCI) in Tanzania.
Methods
The study was approved by the Institutional During regional iodine status analysis, 51 patients were omitted from further analysis due to inadequate data with regard to region of residence. Specifically, patients who did not have data indicating that they had lived in a particular region of residence for at least 10 years were excluded from this analysis. Excluding these patients, the regional iodine status evaluation included 88 patients. Data was entered into SPSS 20 (IBM, Chicago, Illinois) for analysis. Descriptive statistics, such as frequencies, percentages, mean, range, and standard deviation, were calculated with SPSS software. Univariate and multivariate analysis were performed. The multivariate logistic regression model was a poor fit for the data and unstable. Therefore, to control for false discovery, we used a Bonferroni correction and used an adjusted significance threshold of 0.17 (0.05 divided by 3, since there were 3 tests).
Results

Demographics
A total of 139 patients with thyroid cancer met inclusion criteria ( Table 1 ). The median age was 47 years (range, 17-73 years), and most patients were female. The majority of patients presented with either PTC (46%) or FTC (45%), while 9% patients had anaplastic, Hurthle cell, or medullary thyroid carcinoma. There was a steady increase in the number of cases of thyroid malignancy over the 10-year period from 2006 to 2015, with the total yearly number of patients with diagnosed thyroid malignancies more than doubling during that period ( Figure 1 ).
Association between Thyroid Cancer and Dietary Iodine
Among 88 patients with residence status available, 22 patients with thyroid cancer had residence in iodineadequate regions, while 66 (75%) with thyroid cancer had residence in iodine-deficient regions. Furthermore, PTC incidence and FTC incidence were higher in dietary iodinedeficient areas as compared with regions with adequate dietary iodine, while there was no difference in distribution of thyroid cancer according to dietary iodine between these subtypes ( Figure 2 , Table 2 ). Table 2 delineates that PTC was the most common thyroid cancer (57%) among patients \45 years of age. However, patients aged 45 years were more commonly diagnosed with FTC (50%) or other thyroid cancers (13%; P = .03, univariate analysis). While this distribution of thyroid cancers was significant on univariate analysis, the multivariate logistic regression model was a poor fit and unstable; therefore, we determined that this distribution did not maintain statistical significance when we incorporated a Bonferroni correction with an adjusted significance threshold of 0.17. Female sex was highly associated with all types of thyroid malignancy; however, there was no statistically significant difference in the distribution of subtype of thyroid cancer according to sex. 
Other Risk Factors
Discussion
This retrospective study over a 10-year period at ORCI, the largest national referral cancer hospital in Tanzania, contributes to an understanding of the demographics and distribution of thyroid cancer in Tanzania according to histopathologic subtype and dietary iodine. This is the first such study to be conducted in Tanzania, where there is a unique opportunity to study thyroid cancer in the setting of regions with adequate dietary iodine and iodine deficiency. Approximately 75% of patients diagnosed with thyroid cancer resided in areas of dietary iodine deficiency, whereas approximately 50% of the Tanzanian population lives in these areas. Follicular and other nonpapillary pathologies were relatively more common among older patients, while PTCs had relative predominance among younger patients and a trend for predominance in females. This relatively high distribution of diagnoses of non-PTCs among older patients is in contrast to epidemiologic studies in more developed countries, which report much higher relative rates of PTC versus FTC among all patient age groups. 3 Previous studies have suggested that FTCs may be associated with dietary iodine deficiency. 7, 13 In the natural history of the potential development of thyroid cancer from endemic goiter due to long-standing dietary iodine deficiency, the transformation to malignancy may require many years, 14 a theory that may explain a later age of presentation of FTC versus PTC in an iodine-deficient population.
The high proportion of patients diagnosed with FTC seen at ORCI in Tanzania is in keeping with what is seen elsewhere in areas with inadequate dietary iodine intake. 5 Furthermore, anaplastic and Hurthle cell subtypes have been reported to be more prevalent in areas with long-standing deficient dietary iodine. 7, 13 The majority of patients with FTC seen at ORCI resided in areas associated with dietary iodine deficiency, as also reported in South Africa. 8 However, it is noteworthy that patients diagnosed with PTC in the current study were similarly more commonly from areas with inadequate dietary iodine according to the Tanzanian demographic micronutrient survey done in 2010. 12 These areas also had a high prevalence of goiter according to a goiter survey among schoolchildren. 10 Previous studies have shown significant reduction in disorders associated with iodine deficiency in countries with successful dietary iodination programs. 15 Interruption of iodine supply has been associated with a rapid relapse of iodidedeficiency disorders. 16 Future studies may elucidate whether dietary iodination programs have any impact on the rate of thyroid cancer development in iodine-deficient areas of Tanzania.
Among thyroid cancer cases, there were 5 times more females than males. This sex disparity is higher than that in studies from more developed countries, reporting ratios of 2-3:1 between females and males. 16, 17 In Tanzania and other developing countries, a higher proportion of patients with hypothyroidism and endemic goiter during pregnancy or soon postdelivery could explain a potentially higher overall proportion of thyroid cancer occurrence among females. 11 In fact, the study by Rahbari et al showed that reproductive factors may have an association with hypothyroidism state and ultimately goiter formation and, if unattended to, may predispose to the development of thyroid cancer. 18 Pellegriti et al reported thyroid cancer as the fifth-most frequent cancer among women, 2 while World Health Organization data show thyroid cancer to be the eighth-most frequent among women worldwide. 19 In Tanzania, projected data from the International Agency for Research in Cancer indicate that each year there are about 34 new cases of thyroid cancer in Tanzania. 20 However, accurate assessment of countrywide thyroid cancer data in Tanzania is challenging, with limited resources for the diagnosis and treatment for thyroid cancer in many regions of the country and with the absence of a national cancer registry.
Finally, results of the current study indicate a steady increase in the number of new cases of thyroid cancer seen Patients with regional iodine residence data (ie, must have lived in region for at least 10 years), n = 88.
at ORCI in Tanzania over the past decade, which corresponds to global data, 21 where it is projected that by 2030 thyroid malignancies could be more common than colorectal cancers. Whether this increase in thyroid cancer diagnoses represents an actual increase in thyroid cancer incidence or advances in technology on a global level has been a subject of much debate. 2, 5 Similarly, the increase in thyroid cancer diagnoses at a single institution in Tanzania could be attributed to improvements in technology and access to medical care. Although ORCI is currently the only specialized cancer hospital in Tanzania, this institution would be expected to see a relatively small fraction of potential thyroid malignancies in the country, and there may be selection bias in the demographics and pathologies of patients presenting to this institution.
Another limitation of the iodine deficiency analysis was the exclusion of 51 patients (37% of the study population) due to inadequate data with regard to region of residence. We applied a very stringent criterion to region of residence, requiring that a patient must have lived in a region for 10 years to be included in this analysis, so that we would minimize bias from patients having moved from one region to another. While this study is subject to the inherent limitations and selection bias associated with a retrospective review, as the largest study of thyroid cancer in Tanzania to date, it adds valuable insight to potential differences in demographics and histopathology of thyroid cancers in iodine-deficient areas of the world. Future studies should continue to focus efforts on prospective evaluation of thyroid cancer and control data across multiple centers throughout the country, to more precisely understand the potential role of iodine deficiency on the development of thyroid malignancy.
Conclusion
Thyroid cancer diagnoses have steadily increased over the last decade at a tertiary referral cancer center in Tanzania, with the majority of these cancers arising in patients residing in areas with long-standing dietary iodine deficiency. Future studies will be required to assess the impact of an iodination program in Tanzania that may affect the demographics and histopathology of thyroid cancer in this country.
